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Abstract. A complete normal coordinate analysis was performed by two diﬀerent methods: a classical Wilson’s G-F matrix method and the semi-empirical molecular orbital
PM3 method, for a ﬁve coordinate tris(p-ﬂuorophenyl)antimony di(N -phenylglycinate)
[(p-FC6 H4 )3 Sb(O2 CCH2 NHC6 H5 )2 ], known to be an in vitro antitumour molecule.
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1. Introduction
In most of the organoantimony (V) compounds, the coordination number of antimony atom is ﬁve, whereas in some cases it may be six [1,2] or seven [3,4] also. The
stretching vibrational frequencies of carbonyl groups in organoantimony carboxylates play a vital role in the determination of their structures. If there are interactions between the antimony atom and the carbonyl oxygen atoms, the asymmetric
absorption vibrational frequencies νasym of carbonyl groups decrease, while the symmetric absorption vibrational frequencies νsym increase, and hence the diﬀerence
between these two frequencies Δν also decreases [5,6]. The title compound tris(pﬂuorophenyl)antimony di(N -phenylglycinate) [(p-FC6 H4 )3 Sb(O2 CCH2 NHC6 H5 )2 ]
shows a moderate value of Δν which indicates that there may be intermediate interaction between the antimony atom and the carbonyl oxygen atoms. In this study,
experimental FT-IR is compared with theoretical frequencies obtained by normal
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coordinate analysis using two diﬀerent methods: a classical mechanics Wilson G-F
matrix method and the semi-empirical quantum chemical molecular orbital PM3
method. Thus the advantages of the evaluation of both the methods, is useful
for obtaining a reliable assignment of the vibrational spectra. To the best of our
knowledge, the work on the normal coordinate analysis, for the title compound
is yet to be reported. The compound is reported to possess antitumour activity
against three cancer cells, viz. KB cells, Bel-7402 cells and HCT-8 cells in vitro [7].
2. Theory
The Wilson’s G-F matrix method [8] with Urey–Bradley [9] force ﬁeld has been
used to evaluate the normal modes.
These are given by the eigenvalues λ of the secular equation GFL = λL, where
λ = 4π 2 c2 ν 2 . The potential energy distribution (PED) in the jth internal coordiL∗ Lji Fji
.
nate for the ith normal mode is given by PED = ji λi
3. Experimental
3.1 Structure
The crystal structure of the title compound tris(p-ﬂourophenyl)antimony di(N phenylglycinate) [(p-FC6 H4 )3 Sb(O2 CCH2 NHC6 H5 )2 ] is taken from the work of Yu
et al [7]. The model molecular structure of the compound is given in ﬁgure 1.
3.2 FT-IR spectra
The FT-IR spectra, given in ﬁgure 2, were recorded on a Bruker Equinox 55 spectrophotometer, in KBr discs, in the range 4000–400 cm−1 . X-ray data of the title
compound has been taken from the CCDC [10].

4. Results and discussion
Normal coordinate calculations were performed using the program developed by
Shimanouchi [11] based on Wilson’s G-F matrix method [8]. We have used Urey–
Bradley force ﬁeld [9] in our calculations, which takes into account both bonded
and non-bonded interactions and internal tensions. For the assignments, the force
constants were initially transferred from our earlier work and literature [12–17] and
were further reﬁned by least square ﬁt method to provide best match with the
observed FT-IR spectra. (All the force constants can be made available on request
from the corresponding author.)

676

Pramana – J. Phys., Vol. 69, No. 4, October 2007

Normal coordinate analysis and quantum chemical study

Figure 1. Model molecular structure of tris(p-ﬂuorophenyl)antimony
di(N -phenylglycinate) [(p-FC6 H4 )3 Sb(O2 CCH2 NHC6 H5 )2 ].

Figure
2.
FTIR spectra of tris(p-ﬂuorophenyl)antimony
phenylglycinate) [(p-FC6 H4 )3 Sb(O2 CCH2 NHC6 H5 )2 ].

di(N -

In the assignment of the normal modes, as given in table 1, only the dominant
potential energy distributions (PEDs) are considered. Identiﬁcation with the experimental data has been made on the basis of potential energy distribution, line
proﬁle, line intensities and the presence/absence of a given mode in similar molecules [12,18,19].
Semi-empirical calculations were performed by Mopac 2007 software using PM3
method [20]. The observed frequencies agree with the calculated ones within 10
cm−1 . (Complete computational details can be had from the corresponding author.)
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Table 1. Calculated and observed vibrational modes.
Calculated
frequency
(cm−1 )

Observed
frequency

Wilson
G-F

PM3

(cm−1 )

–
–
–
–
–
–
1660

3285
3283
3006
3000
2998
2997
1632

3427(m)
3395(s)
3103(w)
3053(m)
3026(w sh)
2893(m)
1652(vs)

1590

1616

1598(s)

1495
1428
1376
1320
1253
1233

1494
1421
1361
1311
1247
1228

1494(s)
1438(w)
1370(m)
1323(s)
1258(vs)
1229(vs)

1163

1167

1163(s)

1113

1120

1120(w)

1067

1074

1064(w)

1022

1005

1012(w)

905

909

913(w)

864

875

872(w)

826

822

826(s)

753

746

752(s)

689

656

694(s)

636

629

627(m)

594

591

589(s)

520
429
375

502
419
368

510(s)
426(m)
–

282

278

–

Assignment (% potential energy
distribution) (PED)
ν(N–H)adj-R1(PM3)
ν(N–H)adj-R2(PM3)
ν(C–H)R1-sym + ν(C-H)R2-sym(PM3)
ν(C–H)R3-sym(PM3)
ν(C–H)R1-asym(PM3)
ν(C–H)R4-sym(PM3) +ν(C–H)R3-asym(PM3)
ν(O=C) (64)+ν(C–O)adj-Sb (20)
+ν(C–C)-out-of-R (14)+ν(C–F)R5(PM3)
ν(O=C) (76)+ν(C–O) (26)+ν(C–C)R5-sym(PM3)
+ν(C-F)R5(PM3)
ν(C–C)R5-sym (96) + φ(C–C-H)R5(PM3)
ν(C–C)R5-sym (92) + ν(C–F)R5(PM3) + φ(C–C–H)R5(PM3)
ν(C–C)R2 (98) +ν(C–N)adj-R2 (12) + R2-puck(PM3)
ν(C–N)adj-R2 (37) + ν(C–C)R2 (66)+ R5-defor(PM3)
ν(C–C)R (83) + φ(C–C–C)R (10) + ν(C-N)adj-R2(PM3)
ν(C–O)adj-Sb (35) + ν(C–C)R (52) + ν(C-N)adj-R2(PM3)
+φ(C–C-H)(PM3) + ν(C–C)R2-sym(PM3)
ν(C–C)R2 (90)+φ(C–C–C)R2 (11)+ν(C–N)adjSbR2(PM3)
+R2-Rock(PM3)
ν(C–N)adj-R-Sb (27)+ν(C–C)R4-asym (60)+ν(C–C)-out-of-R (12)
+φ(C–C–H)R5(PM3)
ν(C–N)adj-Sb-R2 (32) + ν(C–C)R2 (51) + ν(C–C)-out-of-R (23)
+R2-puck(PM3) +ν(C–N)adj-Sb-R2(PM3)
ν(C–C)R2 (90) + ν(C-F) (10) + ν(C-N)adj-R2(PM3)
+φ(C–C–C)R2(PM3)
ν(C–C)R1 (73) +ν(C-F) (10) + R1&R2-twis(PM3)
+ φ(C–C-H)R5(PM3)
ν(C–O)adj-Sb (43)+ ν(Sb-O) (14)+ ν(C=O) (11)+R5-defor(PM3)
+ν(C–F)R5(PM3) + ν(Sb–C)(PM3)
ν(C–F) (30)+ν(C–C)R4 (36)+ ν(C–C)-out-of-R2 (10)
+(C–C-H)-sciss(PM3)
ν(C–C)-out-of-R (27)+τ (C–C)R1 (45)+ν(C–N) (10)+φ(C–C–N) (10)
+ R1&R2-twis(PM3) + (C–N–C)R2-wag(PM3)
φ(C–C–C)R (57)+ν(C–C)R (36)+R5-twis(PM3)+R5-wag(PM3)
+φ(O=C–C)adj-R2(PM3)+ν(Sb-O)(PM3)
ν(Sb–O) (37)+ν(C–C)-out-of-R (13)+ν(C-N) (17)+φ(C–C–O) (11)
+φ(O-C=O) (10) + R2-defor(PM3)+ φ(O=C–C)adj-R2-sciss(PM3)
φ(C–C-F)R3 (43) + ν(C–C)R3 (10) + ω(C-F) (15)+ R3-puck(PM3)
+ R4-sciss(PM3) )+φ(O=C–C)adj-R2(PM3)
φ(C–C–C)R4 (76) + ν(C–C)R4 (10) + φ(C–C-F)R4(PM3)
ν(Sb–C) (23) + ν(C–C)R-adj-Sb (10) + ν(Sb-O)(PM3) + R1-twis
ν(Sb–C) (22) + ν(Sb-O) (17) + φ(C-Sb-C) (12)
+ R1,R2&R3-twis(PM3)
ν(Sb–C) (23)(&PM3)+φ(C-Sb-C) (20)+ φ(C–C-F) (19)(&PM3)

w – weak; vs – very strong; s – strong; m – middle; sh – shoulder; tors – torsion;
wag – wagging; defor – deformation; sym – symmetric; asym – antisymmetric; puck
– puckering; rock – rocking; twis – twisting; sciss – scissoring, adj – adjacent; and
R1, R2 etc. – ring 1, ring 2 etc.

Here we discuss only the conformationally important frequency modes and they
are presented in table 1.
The calculated values from PM3 method of the asymmetric vibration of the ν(N–
H) mode appear at 3285 and 3283 cm−1 and are observed at 3427 and 3395 cm−1
respectively. The calculated values from PM3 method of ν(C–H) mode vibrations
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at 3006, 3000, 2918 and 2997 cm−1 are in accordance with the observed frequencies
as shown in table 1.
In the FT-IR spectra a highly intense peak is observed at 1652 cm−1 and it
is calculated at 1660 cm−1 with the mode of vibrations as ν(C=O) (64%) PED,
ν(C–O)adj-Sb (20%) and ν(C–C)-out-of-R (14%). The stretching mode ν(C=O) is
reported in the range 1620–1660 cm−1 [17,21,22]. A very sharp absorption peak is
observed at 1229 cm−1 which is calculated at 1233 cm−1 with modes of vibrations
as ν(C–O)adj-Sb (35%), ν(C–C)R (52%) and φ(C–C–C)R (10%). This mode is
reported in the range 1240–1000 cm−1 in [21,22] and at 1280 cm−1 in [23], which
suggests the participation of oxygen in C–O–Sb bonding [23,24]. A strong peak is
observed at 826 cm−1 which is calculated at 826 cm−1 having vibrational modes
as ν(C–F) (30%), ν(C–C)R-adj-Sb (36%) and ν(C–C)-out-of-R (10%). This vibrational mode ν(C–F) is in very good agreement with the mode reported in [25,26],
which is in the frequency range 824–859 cm−1 and in the range 780–680 cm−1 in
[20]. A medium intensity absorption peak is observed in the FT-IR spectra at
627 cm−1 and is calculated at 636 cm−1 with vibrational modes ν(Sb–O) (37%),
ν(C–C)-out-of-R (13%), ν(C–N)R (18%), φ(C–C–O) (11%) and φ(O–C=O) (10%).
The stretching vibration ν(Sb–O) is reported in the range 561–585 cm−1 by Khosa
et al [27] and at 755 cm−1 by Shankar et al [28]. So this mode exists in between
these two reported modes which appears to be the characteristic mode of the title
compound. A peak of medium intensity is observed at 589 cm−1 and it is calculated at 594 cm−1 , with vibrational modes as φ(C–C–F) (43%), ω(C–F) (15%) and
ν(C–C)R-adj-Sb (6%). This mode of φ(C–C–F) is reported at 427 cm−1 in [25],
and hence there is a slight deviation in the value of frequency for this mode. This is
probably due to the diﬀerent positions of ﬂuorine atoms in the present compound
and presence of nitrogen atoms as well. In the FT-IR spectra a highly intense
absorption peak is observed at 510 cm−1 which is calculated at 520 cm−1 having
vibrational modes φ(C–C–C)R (76%) and ν(C–C)R (10%). This mode is in accordance with that reported in [25,29] which is in the range 518–520 cm−1 . A medium
intensity peak is observed at 426 cm−1 in the spectra and it is calculated at 429
cm−1 , with modes of vibrations as ν(Sb–C) (23%), ν(C–C)R (10%). The mode
ν(Sb–C) is reported in the frequency range 459–484 cm−1 by Khosa et al [27] and
in the range 449–477 cm−1 by Shankar et al [28]. Thus current mode is slightly less
than that reported by Khosa and Shankar and so this mode may be a ﬁnd for the
title compound. Another mode is the ν(Sb–O) calculated by the PM3 method at
419 cm−1 [30].

5. Conclusions
The vibrational dynamics of this compound show close resemblance of calculated and observed vibrational bands. The title compound shows low value of
Δν(CO2 ) (i.e. from table 1, νasym − νsym ) which is equal to 1652−1229 = 423
cm−1 . This clearly indicates that there will be at least moderate if not strong
interaction between carbonyl oxygen atom of the carboxylate group and the central antimony atom with the valency equal to seven including secondary bonding
interactions.
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